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,QWURGXFWLRQ
%XLOGLQJV DV RQH RI WKH EXLOW HQYLURQPHQW FRPSRQHQW DUH UHVSRQVLEOH IRU WKH EURDG UDQJH LPSDFWV WR KXPDQ
KHDOWKDQGHQYLURQPHQW,WZDVDOVRSURYHQWKDWWKHLPSDFWRIWKHEXLOGLQJWRWKHHQYLURQPHQWLVDURXQGSHUFHQW
KLJK*%,%\WKDWLWLVDOVRH[SHFWHGWKDWDQ\LPSURYHPHQWRQWKHEXLOGLQJSHUIRUPDQFHFRXOGUHGXFHWKH
QHJDWLYH LPSDFWV VXFK DV XQKHDOWK\ RFFXSDQWV WKDW OHDGV WR ORZ ZRUN SURGXFWLYLW\ 7KLV LQGLFDWHV WKDW EXLOGLQJ
VKRXOGEHKHDOWK\HQYLURQPHQWDOO\IULHQGO\IXQFWLRQDOORZHQHUJ\DHVWKHWLFVFRVWDIIRUGDEOHDQGGHVLJQHGIRUDOO
XVHUV$FFRUGLQJWR5RXOHWEXLOGLQJGHVLJQVKRXOGHQVXUHDJRRGHQYLURQPHQWWRLWVRFFXSDQWVZKHUHDJRRG




86 (QYLURQPHQWDO 3URWHFWLRQ $JHQF\  KDG VWDWHG WKDW LQ DYHUDJH  SHUFHQW SHRSOH VSHQW WKHLU WLPHV
LQGRRUDQGLQGRRUDLUWKDWWKH\EUHDWKHLVWZRWRILYHWLPHVKLJKHULQSROOXWDQWFRPSDUHWRWKHRXWGRRUDLU,WFRXOGEH




,$4 %HVLGHV ,$4 LV RQH RI WKH LPSRUWDQW SDUDPHWHUV WR EH DVVHVVHG LQ JUHHQ EXLOGLQJ DVVHVVPHQWZRUOGZLGH

















2.1. Indoor air quality in office environment 
,QGRRU$LU4XDOLW\,$4LVRQHRIWKHPDMRUSDUDPHWHULQGHWHUPLQLQJWKHTXDOLW\RIDQLQGRRUHQYLURQPHQWEH
LW LV FRPPHUFLDO RU UHVLGHQWLDO VSDFH%DVHGRQ WKH UHIHUHQFH$6+5$(6WDQGDUGGHILQHV WKH DFFHSWDEOH
LQGRRU DLU TXDOLW\ LV DLU LQ ZKLFK WKHUH LV QR NQRZQ FRQWDPLQDQWV DW KDUPIXO FRQFHQWUDWLRQV DV GHWHUPLQHG E\
FRJQLVDQWDXWKRULWLHV DQGZLWKZKLFKD VXEVWDQWLDOPDMRULW\ RUPRUHRI WKHSHRSOHH[SRVHGGRQRWH[SUHVV




7KHUH DUH ILYH PDLQ IDFWRUV DIIHFWLQJ ,$4 WHPSHUDWXUH KXPLGLW\ DLU YHORFLW\ SROOXWDQW VRXUFHV DQG
XQPDLQWDLQHGYHQWLODWLRQV\VWHP3LODWRZLF]





RSWLPDOO\ZKLFK LQ WXUQ FDQ LQFUHDVH FRPSDQ\SURGXFWLYLW\7KH VWDQGDUGRI LQGRRUZRUNLQJ FOLPDWH LQ0DOD\VLD









,$4 WKH WKUHVKROG IRU WKH UHODWLYH KXPLGLW\ LQ DZRUNLQJ VSDFH LV EHWZHHQDQG ,I WKHKXPLGLW\ IDOOV













,W FRXOG EH GHILQHG DV D SROOXWDQW ZKLFK EXLOG XS IURP FKHPLFDO UHDFWLRQV DQGRU JHQHUDWHG IURP KXPDQ
PHWDEROLVP DQG FRPEXVWLRQ SURGXFW OLNH QLWURJHQ R[LGH 12[ FDUERQ PRQR[LGH &2 FDUERQ GLR[LGH &2
VXOSKXU PRQR[LGH 62 VXOSKXU GLR[LGH 62 DOVR FRQWULEXWH KHDOWK SUREOHPV WR KXPDQV 92& DUH RUJDQLF
FKHPLFDOV WKDW HDVLO\HYDSRUDWH LQWRYDSRXURUJDVDW URRP WHPSHUDWXUHRFFDVLRQDOO\RGRXUOHVV IXPHVRUYDSRXUV
DQGLQYLVLEOH,WLVJHQHUDOO\DVVRFLDWHGZLWKDOPRVWDQ\IDEULFDWHGRUQDWXUDOSURGXFW7KH\DUHFRPPRQO\IRXQGLQ
SDLQWV VROYHQWV DLU IUHVKHQHUV KREE\ VXSSOLHV DXWRPRWLYH SURGXFWV GU\FOHDQHG FORWKLQJ PRWK UHSHOOHQWV
SHVWLFLGHVFOHDQHUVGLVLQIHFWDQWVDHURVRO VSUD\VDGKHVLYHVPDQXIDFWXUHGZRRGSDQHO SUHVVHGERDUGDQG IDEULF





OLTXLG VXEVWDQFHV WKDW DUH OLJKW HQRXJK WR VXVSHQG LQ WKH DLU WKH ODUJHVW RI ZKLFK PD\ EH YLVLEOH LQ VXQEHDPV
VWUHDPLQJLQWRDURRP3DUWLFOHVRIGXVWGLUWRURWKHUVXEVWDQFHVPD\EHGUDZQLQWRWKHEXLOGLQJIURPRXWVLGHDQG
FDQ DOVR EH SURGXFHG E\ DFWLYLWLHV WKDW RFFXU LQ EXLOGLQJ 3DUWLFOHVZKLFK HDVLO\ LQKDOHG DUH JHQHUDOO\ OHVV WKDQ




RUJDQLF VXEVWDQFHV 7KH PDLQ SROOXWDQWV DUH PLFUREHV VXFK DV EDFWHULD QRWDEO\ 6DOPRQHOOD DQG Legionella 




LQIHFWLRXV GLVHDVH DVVRFLDWHG ZLWK EXLOGLQJ VHUYLFHV HJ /HJLRQHOORVLV GLVHDVHV VSUHDG IURP ZRUNHU WR ZRUNHU
LQFOXGLQJFROGVDQGLQIOXHQ]DWR[LFUHDFWLRQWRFKHPLFDOVLQEXLOGLQJVDQGIXQJLEDFWHULDRUWKHLUWR[LQVSUHVHQWLQ
EXLOGLQJV&URRNDQG%XUWRQ
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3RRU DLU TXDOLW\ LQVLGH D EXLOGLQJ FRXOG FRQWULEXWH RFFXSDQWV¶ GLVFRPIRUWV VXFK DV IDWLJXH H[FHVV VZHDWLQJ









2.2. Adaptively reusing heritage buildings 
+HULWDJHEXLOGLQJVDUHOHJDF\IURPWKHSDVWWKDWQHHGVWREHFRQVHUYHGLQRUGHUWRSUHYHQWIURPEHLQJORVWIRUHYHU
LWLVDOVRUHSUHVHQWVWKHFXOWXUDOKLVWRU\WKDWVKRXOGEHSUHVHUYHGIRUWKHQH[WJHQHUDWLRQ81(6&2$VVWDWHG
LQ0DOD\VLD1DWLRQDO+HULWDJH$FW EXLOGLQJV WKDW DUH FDWHJRUL]HG DVKHULWDJHEXLOGLQJV DUHEHOLHYHG WREH
PRUHWKDQ\HDUVROG7KRVHEXLOGLQJVKRXOGEHSUHVHUYHGSURWHFWHGDQGHQKDQFHGIURPEHLQJORVWIRUHYHU
2QHFRQVHUYDWLRQPHWKRGWKDWSURPRWHVVXVWDLQDELOLW\LVE\DGDSWLYHUHXVLQJLW$GDSWLYHUHXVHFDQEHGHILQHGDV
PRGLI\LQJ D SODFH WR VXLW WKH H[LVWLQJ XVH DQG FRPSDWLEOH LQ XVHV ZKLFK LQYROYHV QR FKDQJH WR WKH FXOWXUDOO\
VLJQLILFDQW IDEULF FKDQJHV ZKLFK DUH VLJQLILFDQWO\ UHYHUVLEOH RU FKDQJHV ZLWK PLQLPDO LPSDFW %XUUD &KDUWHU
$UWLFOH%\DGDSWLQJROGEXLOGLQJLQWRQHZSXUSRVHLWKHOSVWRUHGXFHWKHGHPDQGRIYLUJLQPDWHULDOVDVZHOODV
UHGXFLQJWKHFDUERQIRRWSULQW0RUHRYHUWKHUHDUHVHYHUDOSRVLWLYHLPSDFWVRIDGDSWLYHUHXVHWRWKHLQIOXHQFHGDUHD
+HQHKDQ DQG:RRGVRQ  VWDWHG WKDW DGDSWLYH UHXVH LV VLJQLILFDQWO\ DIIHFWLQJ WKH HFRQRPLF DV ZHOO DV WKH
TXDOLW\RI WKHSHRSOH¶V OLIH ,QRUGHU WRSURORQJ WKH OLIHVSDQRI WKHEXLOGLQJDGDSWLYH UHXVHFDQEH LQ WKH IRUPRI
EXLOGLQJ FRQVHUYDWLRQ DQG LQQRYDWLRQ DQG VKRXOG KDYH PLQLPDO LPSDFWV RQ WKH KHULWDJH VLJQLILFDQFHV RQ WKH
EXLOGLQJDVZHOODVLWVVHWWLQJ
*HRUJH7RZQDVRQHRIWKHKLVWRULFDOSRUWFLWLHVLQ0DODFFDVWUDLWZDVLQVFULEHGE\8QLWHG1DWLRQV(GXFDWLRQDO
6FLHQWLILF DQG &XOWXUDO 2UJDQLVDWLRQV 81(6&2 DV RQH RI WKH:RUOG +HULWDJH 6LWH EHFDXVH RI LWV 2XWVWDQGLQJ
8QLYHUVDO9DOXH289LQFXOWXUDOGLYHUVLW\DQGOLYLQJKHULWDJH




LQGLFDWHV WKH JURZWK DQG SUROLIHUDWLRQ RI GXVW PLWHV PRXOG PLOGHZ DQG EDFWHULD ZKLFK FDQ UHVXOW LQ DOOHUJLF
LQIHFWLRXVKHDOWKRXWFRPHV DQGRWKHU DGYHUVHKHDOWK HIIHFWV 0XGDUUL DQG)LVN0RUHRYHU IXQJL FDQGHFD\
EXLOGLQJIDEULFVGHJUDGHWKHDHVWKHWLFYDOXHDQGFDXVLQJDGYHUVHKHDOWKHIIHFWVOLNH6LFN%XLOGLQJ6\QGURPH6%6
DQG%XLOGLQJ5HODWHG,OOQHVV%5,























7KH 3HQDQJ&LW\+DOO LV LQFOXGHG DV WKH&DWHJRU\ , EXLOGLQJZKHUH WKH GHVLJQDWHG EXLOGLQJZDV GHFODUHG DV
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0HWKRGRORJ\
7RGHWHUPLQH WKHTXDOLW\ RI WKH LQGRRU DLU LQ WKH GHVLJQDWHGRIILFH WKLV FURVVVHFWLRQDO UHVHDUFK HPSOR\V ERWK
TXDOLWDWLYHDQGTXDQWLWDWLYHPHWKRGV
3.1. The qualitative method 













3.2. The quantitative method 
,Q WKLV UHVHDUFK WKHTXDQWLWDWLYHGDWDZDVREWDLQHGIURPWKHDLUTXDOLW\PRQLWRULQJ7KHDLUTXDOLW\PRQLWRULQJ
ZDVFRQGXFWHGLQVLGHDQGRXWVLGHRIWKHEXLOGLQJ,QWKHLQVLGHRIWKHEXLOGLQJWKHPHDVXUHPHQWVZHUHWDNHQLQWZR
VSRWV WKH KLJKO\ GHQVH RFFXSDQWVZKHUH WKHPRVW DFWLYLWLHV RFFXUUHG 7KH SDUDPHWHUV RI WKHPHDVXUHPHQWVZHUH















7KH VHFRQGSDUDPHWHU LV WKH FKHPLFDO SDUDPHWHU WKDW LV30&2&2 DQG IRUPDOGHK\GH&2 DQG&2ZDV
PHDVXUHGE\XVLQJGLUHFWUHDGLQJLQVWUXPHQWV76,,QGRRU$LU4XDOLW\0HWHU)RUPDOGHK\GHDOVRPHDVXUHGE\
XVLQJGLUHFW UHDGLQJ+$/+);)RUPDOGHK\GHPHWHU7KH30RU GXVWZDVPHDVXUHGE\XVLQJ WKH DHURVRO
PRQLWRU '86775$&.)LJXUHGHVFULEHV WKHSRVLWLRQZKHUH WKH VDPSOLQJ DSSDUDWXVZDV ORFDWHG IRU DLU
TXDOLW\PRQLWRULQJ
;
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$FFRUGLQJ WR+HVV.RVD  FRQWURO YDULDEOH LV UHTXLUHG LQ HDFK VDPSOLQJPHWKRG DV D FRPSDULVRQRI WKH
UHVXOWDW WKHPDLQVDPSOLQJDUHD,WKDV WREHLQ WKHVDPHEXLOGLQJDQGRXWVLGHWKHEXLOGLQJ7KHDLU LPSDFWRUZDV
ORFDWHGDW WKHVDPHSRLQWDV WKHRWKHUVDPSOLQJGHYLFHV )LJXUH;,Q WKLV UHVHDUFK WKHFRQWUROYDULDEOHV LQ WKH
VWXGLHGEXLOGLQJ DUH WKHXQRFFXSLHG URRP )LJXUH; DQG WKHRXWVLGH WKH EXLOGLQJ )LJXUH ;7KH FKRVHQ
FRQWUROURRPLVGHWHUPLQHGE\WKHVLPLODUVL]HRIWKHPDLQYDULDEOHPDLQVDPSOLQJDUHDDQGWKHORFDWLRQZKLFKLV
























FDQ EH VWULNH WR DJDU SODWHV IRU GLUHFW H[DPLQDWLRQ WKH SUHVHQFH RI VSRUHV $IWHU SHUIRUPLQJ DOO WKH PLFURELDO


























































4.2. Indoor air quality measurement
 3K\VLFDOSDUDPHWHU
%DVHGRQWKHUHVXOWVREWDLQHGIURPWKHWKHUPDOPRQLWRULQJ7DEOHLWVKRZVWKDWWKHLQGRRUWHPSHUDWXUHRIWKH
VWXGLHGEXLOGLQJ LV DERYH WKH VWDQGDUG VWLSXODWHG R&7KHPHDVXUHPHQW VKRZV WKH KXPLGLW\ UDQJH IURP
ZKLFKLVDOVRDERYHWKHVWDQGDUG$FFRUGLQJWR0DOD\VLD*UHHQ%XLOGLQJ,QGH[WKHPD[LPXPOLPLWIRU
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  7DEOH,QGRRUDLUTXDOLW\PHDVXUHPHQWUHVXOW
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EXLOGLQJV 7KH DFFHSWDEOH OLPLW IRU 30 LV  PJP &23,$4  $OWKRXJK WKLV EXLOGLQJ LV KHDYLO\
DFFXPXODWHGZLWKGXVWWKHPHDVXUHPHQWVKRZVWKDWWKH30OHYHOLVEHORZWKHVWDQGDUG+RZHYHUWKHWKLFNQHVV










LQGLFDWRU RI DQ LQDGHTXDWH YHQWLODWLRQ UDWH LQ WKH UHVSHFWLYH EXLOGLQJV 7KLV QXPEHU LV DOVR DVVRFLDWHG ZLWK WKH
SUHVHQFHRIRFFXSDQWVVLQFH&2LVDQHQGSURGXFWRIUHVSLUDWRU\LQKXPDQEHLQJV%DVHGRQWKHVLWHREVHUYDWLRQ
WKH VWXGLHG EXLOGLQJ ZDV ODFN RI RSHUDEOH ZLQGRZV DQG GHSHQGV RQ 09$& 7KH ODVW FKHPLFDO SDUDPHWHU LV
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EXLOGLQJSROOXWDQW VRXUFHV IURP WKHEXLOGLQJVDQGRU IURP WKHRFFXSDQWV LWVHOIPDLQWHQDQFHV\VWHPDQGPDQ\
RWKHUFRQWULEXWLQJIDFWRUV
 %LRORJLFDOSDUDPHWHU
:KLFK TXDQWLILHV WKH QXPEHU RI DLUERUQHPRXOG VSRUH DQG EDFWHULD$V VWLSXODWHG E\ WKH VWDQGDUG&23,$4




 0DLQ9DULDEOH &RQWURO9DULDEOH8QRFFXSLHG5RRP 2XWVLGHWKH%XLOGLQJ
&RORQLHVRI)XQJL
FIXP   
&RORQLHVRI%DFWHULD
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%DVHG RQ WKH VDPSOLQJ DQG REVHUYDWLRQ UHVXOW LW FRXOG EH FRQFOXGHG WKDW WKLV EXLOGLQJ LV DEVROXWHO\ ODFN RI
PDLQWHQDQFHLQWHUPVRIWKHFXVWRGLDOPDWWHUV7KLVKHULWDJHEXLOGLQJVKRXOGEHPDLQWDLQHGUHJXODUO\DQGFRQVHUYHLW
DFFRUGLQJ WR WKH JXLGHOLQH IRU KHULWDJH EXLOGLQJ FRQVHUYDWLRQ ERWK LQWHULRU DQG WKH H[WHULRU 7KH ORFDO DXWKRULW\
EXLOGLQJPDQDJHUDVZHOODV WKHRFFXSDQWVVKRXOGEHPRUHDZDUH LQPDLQWDLQLQJ WKHKHULWDJHVLJQLILFDQFHRI WKLV
EXLOGLQJ$ UHJXODUPDLQWHQDQFH LV UHTXLUHG WR SURORQJ WKH DHVWKHWLF DVZHOO DV WKH OLIHVSDQRI WKLV EXLOGLQJ DQG
FRQFHUQLQWHUPVRIWKHRFFXSDQWV¶VDWLVIDFWLRQ7KHVLJQLILFDQWILQGLQJVRIWKLVUHVHDUFKWKDWLPSURSHUDGDSWLYHUHXVH
FRXOGEHYHU\SUREOHPDWLF LQ WHUPVRI WKHRFFXSDQWV¶FRPIRUW%DVHGRQ WKHDLUVDPSOLQJPHDVXUHPHQWV LWVKRZV
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